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♦ Overview
♦ Driving Requirements and Assumptions
♦ Options considered
♦ Selected Configuration and Rationale
♦ Mass, Power, and Cost Summary
♦ Risk Assessment
♦ Issues and Concerns

Data Systems
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♦ X-band 
• Telemetry for stored data @ 1 Mbps 30 min/day using gimbaled 

HGA (per spacecraft)
• Command at 2 kbps
• Emergency mode (omni antennas)

• 2 kbps command/4 kbps telemetry
• Ranging @ 1 contact/day

♦ Time share support to each of 4 s/c
♦ Baseline 34M DSN
♦ On board storage for 3 days (1 Gbyte)
♦ Data distribution 

• Real-time data (Housekeeping and Instrument) to be sent in near 
real time to MOC

• Stored data to be FTP’ d to MOC from remote site post-contact
♦ Commanding required to start and terminate dumps

Data Systems
Overview
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Data Systems
Driving Requirements & Assumptions

♦ Mission Life: 3-5 years
♦ Lifetime Goal: 5-10 years
♦ Launch date: 2015
♦ L2 location
♦ Data latency: 24 hours from observation to delivery of quick 
look data set

♦ Command capability within 2 hours of request
♦ Data compression: 2:1 loss-less data compression  
♦ BER = 10-6

♦ CCSDS data structure (15% overhead)
♦ Orbit knowledge: 1 km

• 1 ranging contact/day (1 hour)
♦ 4 independent, identical spacecraft
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Data Systems
Driving Requirements & Assumptions

♦ Full redundancy on communication equipment (except antennas)
♦ Aggregate instrument data rate = 1 Gbits/day 

• Peak collection rate: 10 kbps
• Assumed data compression and includes CCSDS overhead

♦ Housekeeping rate = 9.2 Kbps
• Includes CCSDS overhead
• Actual rate = 8 kbps

♦ Total rate = 1.7 Gbits/day
♦ Ranging required to maintain 1 km orbit accuracy
♦ Ranging and Telemetry/Command can be simultaneous
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Data Systems
Options Considered

♦ S Band
• Less atmospheric attenuation
• Allow use of 26M DSN (& also 13M commercial solution)
• Will require significantly more EIRP to close link 
• Not recommended

♦ X Band
• Additional (2 dB) atmospheric attenuation
• Improves link margin
• Requires use of 34M, primarily for needed ranging accuracy
• Allows possible use of 13M commercial network
• Recommended
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Data Systems
Options Considered

♦ S/C Antenna Size  (with 5 watt transmitter)
• 1.1 meter (Recommended)

• 13 meter antenna can support 1 Mbps
• Ranging with 13 meter may be possible in future 

• 0.3 meter 
• Must use 34 meter for 1 Mbps data dump
• Must use 34 meter for ranging

♦ Ground Antenna (with 1.1 meter s/c antenna)
• 34 Meter (Recommended)

• Can do ranging and telemetry simultaneously
• Can do  > 4 kbps in the omni mode

• 13 Meter
• Ranging and telemetry would probably have to be done separately
• Can do 360 bps in the omni mode
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Data Systems
Selected Configuration and Rationale

Generation-X
MOC

DSN
34 M station

X Band 
command/telemetry/
ranging

Generation-X
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Data Systems
Selected Configuration and Rationale
O

BC
 C

&D
H

 B
us

 X-band 
Transponder

Hybrid
Divide

OMNI 
1

OMNI 
2

RF X-band 
Up/Down

1.1M X-band 
HGA

Telemetry 
Rate 1/2 

1 Gbytes
Record

Record

Playback

Housekeeping Telemetry  
4 kbps,ranging,command

3 day record 
capability

SWITCH

X-band 
Transponder

Playback @ 1 Mbps  
command,ranging
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Data Systems
Selected Configuration and Rationale

♦ X Band for hi-rate dumps
• 1.1 m gimbaled antenna fits in mechanically with s/c design & closes 

link @ 1 Mbps 
• Gimbal once per day
• +/-30o  (depends on orbit) gimbal capability required on-station 
• Gimbal capabilities for early orbit support will need to be analyzed by 

project based on spacecraft attitude
• 1 Mbps requires 1/2 hour of ground contact time (per spacecraft per 

day)
• DSN 34 meter requires an additional time for set-up

• Design allows possible use of leased 13m ground terminals
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Data Systems
Selected Configuration and Rationale

♦ X Band for T&C
• Omni antennas chosen to ensure spherical coverage
• 2 kbps command  with 34 meter (70 bps with 13 meter)
• 4000 bps telemetry with 34 meter (360 bps with 13 meter) 
• Ranging requires 34 meter ground system to close link
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GEN-X Link Margin Summary

Note: Assumes 0 dBi omni antenna gain (approximately 90% of the time)

Link Margin (dB)
Max Range

Comments

2 kbps command
70 bps command

19.2
0

34 m- s/c omni
13 m-s/c omni

4.0 kbps  telemetry
360 bps telemetry

1.8
0

34 m –s/c3omni
13 m –s/c omni

1 Mbps X-band  data
dump

15.0
1.0

34 m-s/c 1.1 m
13 m-s/c 1.1m

Ranging Positive
??

34 m
13 m
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Data Systems
Mass, Power, and Cost Summary

Component Power Mass Cost
X-band Omni Antenna

W/pedestal (2)
2 kg $100 k

X-band Transponder
(2)

5 watts continuous(Rx)
33 w 10% duty

cycle(Tx)

6 kg $800 k

Switches, hybrids,
Cables and diplexers

2 kg $50 k

C&DH 20 watts 10 kg $2.0 M
X-band HGA
And gimbal

16 watts peak
1 watt average

35 kg $ 5.0 M

TOTAL 74 watts peak
30 watts average

55 kg $7.95 M

Costs are in FY 2000 Dollars.  Appropriate adjustments for inflation will need to be made
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Data Systems
Ground Station Cost Summary

♦ DSN 34 Meter Costs are not projected out past FY 2003
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Data Systems
Risk Assessment

♦ None
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Data Systems
Issues and Concerns

♦ Availability of the 34 meter DSN for up to 4 (8 hrs) 
passes/day

♦ Availability of 34 meter antenna within 2 hours of request
♦ X-band uplink and ranging capability through the 13 meter 
net
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NEXUS

Back-up Slides
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Generation-X Link Calculations
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Generation-X Link Calculations
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